A novel mycobacterial species is described in this study. The strain was isolated from the cerebrospinal fluid of a severely immunocompromised AIDS patient. It was scotochromogenic and slow-growing. Characteristic features for its differentiation from other mycobacteria are its lipid pattern and the unique gene sequences within the hypervariable regions of the 16S rDNA. The strain shows susceptibility to current antimycobacterial drugs. The pathogenicity of the novel mycobacterium and its clinical significance are not certain, as the neurological symptoms of the patient could also be due to concomitant infection with Cryptococcus neoformans. The name Mycobacterium doricum sp. nov. is proposed for the novel mycobacterium ; the type strain is strain FI-13295 T (l DSM 44339 T l CIP 106867 T ).
INTRODUCTION
In recent years, the introduction of new technologies has perhaps impacted the mycobacteria more than any other bacterial genus. Comparative 16S rRNA gene sequencing (Kirschner et al., 1993) and HPLC of cellwall mycolic acids (Butler et al., 1992) have allowed better characterization of phenotypically indistinguishable organisms, leading to the detection of several novel species (Cage & Saubolle, 1997) whose epidemiological and clinical relevance remains undetermined (Bo$ ttger, 1994 ; Kiehn & White, 1994) .
In this context, a slowly growing, acid-fast organism was isolated from the spinal fluid of an AIDS patient. The strain could not be identified conclusively by biochemical tests and it showed an unknown profile by HPLC analysis, suggestive of a novel species within the genus Mycobacterium. Therefore, a multi-disciplinary study employing different identification techniques was undertaken in order to clarify the taxonomic position of the novel mycobacterium. Our data in- The GenBank accession number for the 16S rDNA sequence of strain FI-13295 T is AF264700.
dicate that this isolate represents a novel species, for which the name Mycobacterium doricum sp. nov. is proposed.
METHODS
Case report and strain isolation. In November 1990, a 50-year-old homosexual man with AIDS (28 CD4 + lymphocytes µl − ", 3500 white blood cells µl − " and seropositive for HIV p24 antigen) was admitted to hospital with fever, chills, severe weight loss, cough, headache and a stiff neck. He had been monitored since 1988 for HIV infection and treated repeatedly for Pneumocystis carinii pneumonia. The patient had not reported any history of tuberculosis and he had not been treated for any mycobacterial infection during the follow-up. Cerebrospinal fluid was taken and analysed, with the following results : 5 white blood cells µl − " ; 0n88 g protein l − " (normal range : 0n20-0n50) ; 2n0 mmol glucose l − " (in comparison with 6n0 mmol l − " present in the blood) ; stains for acid-fast bacilli, Gram stain and India ink mount were negative ; cultures for bacteria and fungi remained sterile. A cryptococcal antigen assay, performed on spinal fluid and serum, was strongly positive and blood cultures yielded Cryptococcus neoformans. The patient was treated with amphotericin B and 5-fluorocytosine but, unfortunately, despite treatment, he died 6 weeks after hospitalization. 
approximately 50 colonies of a slow-growing, pigmented mycobacterium (strain FI-13295 T ).
Conventional identification methods. Cultural features, i.e. growth rate, colony morphology, the nature of the pigment, produced in the dark or after photoinduction, and the ability to grow at temperatures ranging from 25 to 45 mC, were investigated on Lowenstein-Jensen medium. Inhibition tests included tolerance to thiophene-2-carboxylic acid hydrazide (1 µg ml − "), thiacetazone (10 µg ml − "), p-nitrobenzoate (500 µg ml − "), hydroxylamine (500 µg ml − "), oleate (250 µg ml − "), isoniazid (1 µg ml − ") and sodium chloride (5 %) and growth on MacConkey agar without crystal violet (Kent & Kubica, 1985) .
The following biochemical features were investigated : niacin accumulation, nitrate reductase, 3-d arylsulfatase, semiquantitative catalase, heat-stable catalase (pH 7, 68 mC), tellurite reductase, Tween 80 hydrolysis, β-glucosidase and urease (Kent & Kubica, 1985) .
Acid-alcohol-fastness was determined by Ziehl-Neelsen and auramine O staining.
Drug susceptibility. The susceptibility pattern of the strain was studied by using the radiometric system according to the macrodilution method adopted for the Mycobacterium avium complex (Siddiqi et al., 1993) . The similarity of the growth kinetics of the novel strain in liquid medium to those of M. avium made possible the adoption of such a technique, the requirements of which were all fulfilled. Minimal inhibitory concentrations of 12 drugs were determined.
Lipid analyses. Mycolic acids were investigated by TLC on whole-organism methanolysates, as described previously (Minnikin et al., 1984) . The HPLC profile of mycolic acid bromophenacyl esters was obtained with a C ") Ultrasphere XL cartridge column (Beckman) on a System Gold model (Beckman) instrument according to the standard procedure (Butler et al., 1992 ; CDC, 1996 ; Tortoli & Bartoloni, 1996) .
Forty milligrams of saponified wet biomass, methylated and extracted as described previously (Miller, 1982) , was used for analysis of fatty acid methyl esters, alcohols and mycolic acid cleavage products. They were subsequently separated by GLC using a model 5898A gas chromatograph (Hewlett Packard). The Microbial Identification System software (Microbial ID) was used to identify the fatty acids.
Analysis of 16S rDNA. Extraction of DNA was carried out as described previously (Kirschner et al., 1993) . After mechanical lysis of a single heat-inactivated colony, amplification of the entire 16S rRNA gene (16S rDNA) was carried out as described previously (Kirschner et al., 1993) . The entire 16S rDNA sequence was established by overlapping direct sequencing of both strands of the amplicons using fluorescently labelled dideoxy dye terminators on an automated DNA sequencer (ABI 373A ; Perkin-Elmer Biosystems). Proof-reading of the sequences of both strands was performed with the Sequence Navigator software (Perkin-Elmer Biosystems), while comparison with other mycobacterial sequences was carried out within the SmartGene IDNS database system. Finally, searches in GenBank were carried out by using the  algorithm proposed on the GenBank web-site (http :\\www.ncbi.nlm.nih.gov\blast\).
Determination of the DNA GjC content. After hydrolysis and dephosphorylation of isolated DNA, nucleosides were separated by reverse-phase HPLC (Tamaoka & Komagata, 1984) . A Nucleosil 100-5 C ") column was used and nonmethylated lambda phage DNA, with a GjC content of 49n858 mol % (Sanger et al., 1982) , was used as the calibrator reference.
Phylogenetic analysis. The sequence of strain FI-13295 T was aligned with 16S rDNA reference sequences from closely related mycobacterial species using the Genetic Data Environment software version 2.2 (Larsen et al., 1993) . Although alignment gaps were not removed, regions with uncertain alignment within the reference sequences imported from GenBank were omitted, as well as parts at both ends of the gene. The neighbour-joining method was used for construction of a phylogenetic tree (Saitou & Nei, 1987) after distances were corrected for multiple hits and for unequal transition-to-transversion rates according to Kimura's two-parameter model (Kimura, 1980) . The 16S rDNA sequence of Nocardia asteroides was used as an outgroup. Tree branches were reproduced by performing parsimony analysis and bootstrapping.
RESULTS

Morphological and cultural properties
Cells of strain FI-13295 T were acid-alcohol-fast, nonmotile, did not form spores and were rod-shaped. Growth was observed on Lowenstein-Jensen medium after 2 weeks of incubation at temperatures ranging from 25 to 37 mC. Colonies were smooth and scotochromogenic. Growth was inhibited by presence of thiacetazone, p-nitrobenzoate, hydroxylamine, Mycobacterium doricum sp. nov. T compared with that of Mycobacterium intracellulare. LMMIS, Lowmolecular-mass internal standard ; HMMIS, high-molecular-mass internal standard.
isoniazid, oleate or sodium chloride in the culture medium ; growth was not obtained on MacConkey agar. The presence of thiophene-2-carboxylic acid hydrazide had no inhibitory effect on growth.
Biochemical properties
The strain possessed nitrate reductase, urease and tellurite reductase activities. Accumulation of niacin, β-glucosidase, Tween hydrolysis and arylsulfatase gave negative results. Catalase, which was clearly below 45 mm of foam, was inhibited at 68 mC.
Antimicrobial susceptibility
Strain FI-13295 T was susceptible in vitro to all antimicrobial drugs tested. Minimal inhibitory concentrations were (in µg ml −" ) : amikacin, 0n12 ; azithromycin, 0n5 ; clarithromycin, 0n12 ; ciprofloxacin, 0n12 ; clofazimine, 0n06 ; ethambutol, 0n25 ; isoniazid, 0n12 ; ofloxacin, 0n25 ; rifabutin, 0n06 ; rifampicin, 0n12 ; sparfloxacin, 0n12 ; and streptomycin, 0n25.
Lipid analysis
TLC of the mycolic acid methyl esters of strain FI-13295 T revealed α-mycolates and wax esters. Also, small amounts of methoxymycolates were found. This combination of mycolic acids is an uncommon pattern among the best-known scotochromogenic, slowly growing mycobacteria (Table 1) .
Strain FI-13295 T showed the typical fatty acid pattern found in most mycobacteria, but its similarity to any mycobacterial pattern stored in the MIDI fatty acid database was very low because of obvious differences in amounts of single fatty acids. The fatty acid pattern of strain FI-13295 T was composed of straight-chain saturated and unsaturated fatty acids, with 16 : 0 (27 %) and 18 : 1 cis 9 (26 %) and 16 : 1 cis 9 (9 %) being the best represented. The 10-methyl-branched tuberculostearic acid (16 %) and the alcohols octadecanol (19 %) and eicosanol (1 %) were also found. This was expected, as these alcohols are the cleavage products of the esters and co-elute with the fatty acid methyl esters during the GC analysis.
The HPLC pattern of mycolic acids was characterized by two clusters of peaks (Fig. 1) that did not overlap with any previously reported mycobacterial profile.
GjC content
The GjC content of the DNA of strain FI-13295 T was 66n5 mol%.
16S rDNA sequence analysis
Sequence analysis of PCR-amplified DNA from strain FI-13295 T yielded a unique 16S rDNA sequence of 1450 bp and the sequence was characteristic of a mycobacterial species. In contrast to the slow growth of the strain in culture, the sequence was characteristic of a rapidly growing mycobacterium. It was characterized by the deletion of a stretch of 12 nucleotides between positions 413 and 425 within helix 18 (alignment with Mycobacterium tuberculosis reference sequence MTU16SRN from GenBank). A GenBank search showed close ( 99 %) similarity to sequence AF107039, derived from an as-yet unpublished isolate, ' Mycobacterium monacense ', which also has uncertain pathogenicity to humans (U. Reischl, unpublished results).
Phylogenetic analysis
A phylogenetic tree (Fig. 2) revealed a position of strain FI-13295 T close to Mycobacterium phlei, Mycobacterium flavescens, Mycobacterium smegmatis and Mycobacterium thermoresistibile. Strain FI-13295 T grouped with other thermotolerant species, but the unique sequence supports its distinct position within the genus tree. Parsimony analysis confirmed the branches ; bootstrapping was performed, but turned out to be of little interest, as is usually the case with sequences that are 98 % identical.
Differentiation of the novel strain from other related mycobacteria
Strain FI-13295 T is a slowly growing, scotochromogenic mycobacterium that can be distinguished from its relatives by a number of properties (Table 2) . Furthermore, the HPLC profile of strain FI-13295 T differs from those of previously mentioned species. The 16S rDNA sequence differentiated strain FI-13295 T from other previously described species. Taxa are identified as : 1, strain FI-13295 T ; 2, M. gordonae ; 3, M. xenopi ; 4, M. scrofulaceum ; 5, M. szulgai ; 6, M. lentiflavum ; 7, M. flavescens ; 8, M. interjectum ; 9, M. bohemicum. Reactions are scored as : k, negative ; j, positive ; , variable. Data were taken from this study and from Wayne & Kubica (1986) , Springer et al. (1993 Springer et al. ( , 1996 and Reischl et al. (1998) . Nitrate reduction
DISCUSSION
Despite its isolation from a sterile site, it is not possible at present to consider strain FI-13295 T as a definite pathogen ; C. neoformans could be responsible for the neurological symptoms and the possibility of accidental contamination of the specimen by an environmental mycobacterium cannot be excluded. Nevertheless, considering the unsuccessful response to antimycotic treatment, the involvement of strain FI- 13295 T in the death of the AIDS patient is still a credible hypothesis.
Conventional tests are sufficient to differentiate this novel organism from other slowly growing, scotochromogenic mycobacteria (Table 2) , even if the possibility of bias cannot be excluded because of the lack of additional strains. Its lipid composition is characterized by the presence of α-mycolates, ketomycolates and wax esters ( Table 1) . The mycolic acid bromophenacyl esters generate a unique profile in HPLC (Fig. 1) . The fatty acid pattern is composed of hexadecanoic acid (27 %), hexadecenoic acids (13 %), octadecenoic acids (26 %) and tuberculostearic acid (16 %). Two alcohols, C18 : 0 (13 %) and C20 : 0 (1 %), were found as well.
Sequence analysis of the 16S rRNA gene yielded a sequence that was different from that of any known mycobacterial species. Alignment of the hypervariable regions shows a pattern similar to that of M. smegmatis, with differences in both hypervariable regions. The hypervariable region B shows a deletion of a stretch of 12 nucleotides, usually considered typical of rapidly growing mycobacteria, which is also observed in some slow-growing MOTT (mycobacteria other than tuberculosis), such as Mycobacterium simiae (Fig. 3) .
At the phylogenetic level, strain FI-13295 T is characterized by a distinct position close to other thermotolerant species such as M. smegmatis and M. thermoresistibile. Although the sequence was different from that of any other published species at several distinct positions, the novel species is more closely related to another, as-yet unpublished, isolate, ' M. monacense ', the sequence of which is accessible from GenBank (Fig. 3) . These findings may suggest the existence of a new cluster of thermotolerant mycobacteria. Interestingly, the phylogenetic position of strain FI-13295 T is also close to another recently described mycobacterium, Mycobacterium tusciae (Fig. 3) , not known to be thermotolerant (Tortoli et al., 1999) .
Description of Mycobacterium doricum sp. nov.
Mycobacterium doricum (dohri.cum. L. adj. doricum of Dorica civitas, the ancient name of the Italian city of Ancona, from where the organism was first isolated).
Cells are rod-shaped and alcohol-acid-fast. Growth is achieved on Lowenstein-Jensen medium within about 2 weeks at 25-37 mC. The colonies, which are strongly yellow-pigmented, are scotochromogenic and smooth. Positive for nitrate reductase, tellurite reductase and urease, but negative for niacin, β-glucosidase, 68 mC catalase, Tween 80 hydrolysis and 3-d arylsulfatase. Produces less than 45 mm of foam in a semiquantitative catalase test. Does not grow on MacConkey agar or on media supplemented with sodium chloride, p-nitrobenzoate, thiacetazone, hydroxylamine, isoniazid or oleate. Growth is not inhibited on medium containing thiophene-2-carboxylic acid. The strain is susceptible to amikacin, azithromycin, clarithromycin, ciprofloxacin, clofazimine, ethambutol, isoniazid, ofloxacin, rifabutin, rifampicin, sparfloxacin and streptomycin. The lipid composition is characterized by the presence of α-mycolates, ketomycolates and wax esters. The HPLC profile of mycolic acid bromophenacyl esters is unique. The fatty acid pattern is composed of hexadecanoic acid (27 %), hexadecenoic acids (13 %), octadecenoic acids (26 %) and tuberculostearic acid (16 %). Two E. Tortoli and others alcohols, C18 : 0 (13 %) and C20 : 0 (1 %), are also found. The GjC content of the DNA is 66n5 mol%. The 16S rDNA sequence demonstrates that strain FI-13295 T is phylogenetically related (sharing a similar sequence profile) to the thermotolerant species M. thermoresistibile, M. flavescens and M. smegmatis, and to M. tusciae which, in contrast, do not present the insertion pattern characteristic of thermotolerant mycobacteria.
The type strain is strain FI-13295 T (l DSM 44339 T l CIP 106867 T ).
